Brazilian coast are sites of significant chemical discharge impacting the estuaries, natural "nursery" of aquatic organisms. In order to investigate the human impact in Lagoa dos Patos -South of Brazil -gills and liver of croakers Micropogonias furnieri were used as morphological biomarkers . Forty individuals from reference and polluted sites were caught in winter and summer of 2003. The individuals were measured, weighted and liver and gills samples were processed for light and transmission and scanning electron microscopy. Individuals from the polluted area (winter) showed strong morphological evidences of chemical exposure. The observed ultrastructure lesions and alterations confirmed the worst conditions of individuals from polluted site mainly in winter. The sediment remobilization due to rainfall may be the cause of chemical bioavailability. Further chemical studies are necessary in Lagoa dos Patos as the risk of exposure to biota and human populations was demonstrated.
INTRODUCTION
Estuaries and other coastal environments represent an important habitat for the initial stages of the life cycle of many marine organisms (Martins et al., 2007) . The chemical discharge due to human activities such as industrial, agricultural and urban waste affect the health of aquatic organisms leading to mass mortality with serious ecological disturbs (Gusso-Choueri et al,. 2016) . The Lagoa dos Patos estuary constitute important nursery grounds for many commercially relevant fish and shrimp species because they offer abundance of food (zooplankton) and protection from predators (Pearcy & Myers, 1974) . Thus this estuary is the most important nursery ground for commercially relevant species of fish and crustaceans in the South of Brazil, maintaining fisheries that sustain 3,500 families throughout the Rio Grande do Sul State coastline. Over 50% of the total fisheries production in the region is supported by sciaenid species, being the white croakers Micropogonias furnieri one of the most abundant and important species for local fisheries (Haimovic et al., 2006) . According to Niencheski et al. (2001) M. furnieri exhibit mercury levels above the expected natural values in the same polluted area investigated in the current study. More recently Barbosa et al. (2012) described the presence of toxic metals (zinc, cupper, lead and zinc) in all port region. According to the same authors no variations of these metals on surface waters was found, including no seasonal variations. Medeiros et al. (2005) described values about 37.7 ng/g of PHAs in the same studied region and Luz et al. (2010) found 4.7 ng/g in a more distant region (northern of Lagoon). More recently Sanches Filho et al. (2012) described high levels of total PAHs (92.8 ng g -1 ) in a region near to the studied area (Pelotas City).
Due to the bioavailability of pollutants to resident biota, the use of biomarkers may measure its effects and discuss the risk of exposure to both biota and human populations. Our more recent studies showed successfully that the use of fish as bioindicators using histopathology as biomarker in biomonitoring programs are crucial to evaluate the risks of exposure to pollutants in aquatic ecosystems (Brito et al., 2012; Rabitto et al., 2011; Bussolaro et al., 2012; Osório et al., 2014; Miranda et al., 2016) . The white croakers M. furnieri is a demersal and carnivorous fish feeds on bottom fauna, mainly macro and microcrustacea, polychaeta, mollusca and smalls fishes (Kehrig et al., 1998) . Due to the trophic position and importance for human diet, and, although it undergoes seasonal migration, Marcovecchio et al. (2004) and Amado et al. (2006) recommended the use of M. furnieri species as a sentinel in programs to investigate environmental health.
In the last years, the evaluation of the causal effects between contaminant exposure and fish health as biomarker in aquatic organisms has been strongly evident Osorio et al., 2014; Rabitto et al., 2011 , Miranda et al., 2016 providing useful information of historical exposure to sub-lethal toxicity (Cooley et al ., 2001; Stentiford et al., 2003) . Somatic indexes are used as a biomarker of growth inhibition and histopathology findings identify target organs due to chemical exposure describing and evaluating the type and intensity of physiological disturbs. Together these data are strictly related with the intensity of pollution (Bussolaro et al., 2012; Osório et al., 2014; Gusso-Choueri et al., 2016) . According to Rabitto et al. (2011) , gills and liver are important ways of xenobiotics uptake in fish. Additionally, gill damages may lead to a decrease on fish health (Bussolaro et al., 2012) and liver damages has been widely recognized in environment studies (Oliveira Osorio et al., 2014; Miranda et al., 2016) .
According to the final report of the "Millenium Institute Program" from the Brazilian Ministry of Science and Technology, in Brazil, the absence of studies concerning coastal toxicology, represent a large limitation to establish a critical classification of impacted areas mainly due to human activities. Thus, any additional data are important and necessary to increase the knowledge in large-scale as base to conduct managements in the environmental politics to Brazilian coast.
MATERIALS AND METHODS

Field Procedures
The environmental parameters as temperature, salinity and dissolved oxygen (DO) were measured in both studied sites and seasons using a handheld multiparameter meter.
A sampling of ten adults specimens (per site) of Micropogonias furnieri were performed in August 2003 (winter) and February 2004 (summer) in two sites of the Patos Lagoon estuary (South of Brazil). One site is located closed to the "Marinheiros Island" in a region called "Arraial Inlet" (32°02′S-52°12′W), which was considered the non-polluted or less polluted site (Site 1). The second studied area (Site 2) is located at the "Mangueira Inlet" (32°05′S-52°07′W), which was previously characterized as a polluted one (Fig. 1) . Fish collection was performed for 15 min using a trawl-net. Fish between 10 and 20 cm length were anaesthetized with benzocaine (50 ppt) and total weight (g) (TW), length (cm) (TL) and liver weight (g) (LW) were taken. The second right brachial arch, and liver sample were preserved for light and transmission electron microscopy while the second left brachial arch was sampled for scanning electron microscopy analysis.
Light and electron microscopy procedures
Liver and gills samples were preserved in ALFAC (70% ethanol, 4% formaldehyde, 5% glacial acetic acid) fixative solution for histopathological analysis (16 h), dehydrated in a graded series of ethanol baths and embedded in Paraplast Plus resin (Sigma ® ) after xylene clearance. The sliced sections (5 µm) were stained in haematoxilin/eosin and observed in a Zeiss Axiophot photomicroscope. To evaluate the alterations Figure 1 . Map of the studied area. The black and white arrows indicate respectively the reference "Arraial Inlet" (NPS) (32°02′S-52°12′W) considered as non polluted site and "Mangueira Inlet" (PS) (32°05′S-52°07′W) as polluted site. 
Somatic Biomarkers
Hepatosomatic index (HSI) reveals the proportion between liver (LW) and whole body (TW) weight, and was calculated by the following formula: HSI=LW/TW.100 (Milton et al., 1994) . The condition factor (K) can be used to compare populations exposed to different environmental conditions (Braga, 1986) indicating fish health status according to the environmental conditions. The following formula was used to calculate K values: K=TW/TL b (Vientini & Araujo, 2002) where TW=Total weight and TL=Total length while b means the slope of the regression line in logarithmic form between independent variable data (size) and variable dependent data (weight). According to Hile (1936) the difference of exponent b from 3.0 indicates the direction and "rate of change of form or condition". The exponent b < 3.0 indicates a decrease in condition or elongation in form with increase in length, whereas b > 3.0 indicates an increase in condition or in height or width with increase in length. According to the same author the exponent b normally lies between 2.5 and 4.0 (Hile 1936 , Martin, 1949 but an ideal fish condition in general maintains the same shape (b = 3.0).
Histopathological analyses
Liver slices areas were measured using a reticule ocular. Areas of necrosis, leukocytes, infiltration, hemorrhage, melanomacrophage centers (MMC) and melanomacrophages (MM) were counted and then divided by the total area of the slice, thus the results are expressed as alterations/mm 2 .
Statistical Procedures
Data were verified for normality and homogeneity of variance or log-transformed to fit normal distribution. Then twoway anova test was performed. Data are expressed as means ± standard deviation and significance level was set as p < 0.05.
RESULTS
Environmental parameters
The values of environmental parameters are summarized in the Table 1 . As expected the temperature decrease in the winter and increased in the summer in both studied sites. In the winter the ocean current interfere decreasing the temperature in the polluted site closer to the open ocean. No variation of temperature were found between the studied sites in the summer. The results of salinity showed that the seasonality interfere increasing substantially the values at summer. When compared the studied sites at the same season, the salinity showed high variation in the winter increasing in the polluted site, differently that observed in the summer where the salinity values were lower in the polluted site. The dissolved oxygen showed a very low variation in reference site between winter and summer seasons, differently than observed to the polluted site where the dissolved oxygen in water was higher in winter. If compared the different seasons between the different sites, was observed that the polluted site presented higher dissolved oxygen in water and in the summer the opposite it is observed, the polluted site presented lower levels.
Somatic Index Biomarkers and Biometry Data
Somatic indexes were used as biomarkers (hepatossomatic index -HSI and condition factor -K) to evaluate the survival condition and growth alteration, using biometry data such as total length (TL) and weight (TW) and liver weight (LW). These data are summarized in Table 2 . HSI was higher in individuals from the polluted site and no difference was observed between seasons, while K was higher in individuals captured during the winter from both sites. Individuals from reference site presented higher values of TL and TW during winter. LW was significantly higher during winter, but no difference was found between sites.
Morphological Aspects
A typical histological pattern of healthy gills is represented by secondary lamellae regularly lined up along both sides of Winter Summer Environmental Parameter reference polluted reference polluted n Temperature 13 ± 0 9.5 ± 0.3 24.3 ± 0.3 24.3 ± 0.5 4 Salinity 0.2 ± 0.1 1.8 ± 0.2 11.4 ± 3.8 6.2 ± 1.7 4 DO 9.2 ± 0.2 10.1 ± 0.3 8.5 ± 0.1 7.6 ± 0.4 4 DO = dissolved oxygen n = number of measurements the primary lamellae. Mucous and chloride cells are found sparsely scattered primarily at the base of the secondary lamellae whose epithelium is supported by contractile pilaster cells and separated by capillary channels (Fig. 2a, 3a and 3b) . The occasional occurrence of parasites, secondary lamellae fusion, primary lamellae damages and hyperplasia were found in individuals from both studied sites (Fig. 2b-f and 3c-g). The epithelium cells edema observed in histological slices were confirmed by transmission electron microscopy ( Fig. 3f-g ), changing the lamellae structure. The pilaster cells vacuolization (Fig. 3g ) may be related to the fusion of capillaries decreasing the blood cells influx and allowing to the occurrence of aneurisms.
Normal appearance of the liver is shown in Figure 4a , with hepathocytes arranged in cords, in general two cells thick between two sinusoids, presenting rounded nuclei with evident nucleoli and low chromatin density. A quite high diversity of damages, lesions and alterations in liver were observed. The occurrence of necrosis, leucocytes infiltration in hepatic parenchyma, hemorrhage, melanomacrophage centers (MMCs), basophilic and acidophilic foci and the frequent incidence of cellular megalopathy were described (Fig. 4) . The occurrence of the most frequent histopathological findings is resumed in the Table 3 . Most of the alterations were occasionally observed, but the presence of MMCs was significantly higher in individuals from the reference site comparatively with the polluted area. An increase in the incidence of necrosis and hemorrhage were observed during summer at both sites. Steatosis was also found in the liver of Micropogonias furnieri (Fig. 5d ). Basophilic and acidophilic foci considered as neoplasic events were observed in two individuals from reference site sampled in winter. The disarrange of Disse's space and endoplasmic reticulum or even the proliferation of rough endoplasmic reticulum (respectively Fig. 5a , insert 5b and insert 5d) were found in individuals from both sites. Other more serious lesions also appeared in individuals from these sites as the occurrence of atypical vesicles or cell death as necrosis ( Fig. 5b and 5c ).
Comparatively, individuals from both sites presented necrosis, atypical vesicles distributed in the cytosol, and loss of the rounded nuclei shape in summer, while the steatosis, cytoskeleton disarrange changing the shape of rough endoplasmic reticule, and smooth endoplasmic reticule proliferation were more abundant in individuals from winter. Bold means differences between seasons and (*) differences between sites. 
DISCUSSION
In Brazil more than 70% of urban regions are concentrated on coastal zone including estuaries. Controversially biomonitoring programs and impact of chemical released due human activities in these important regions are very scarce. Even the present results reveal a past condition (ten years ago), they are relevant to create a baseline to understand the impact of anthropogenic activities in the estuary currently. Except by the study of Amado et al. (2011) , from our knowledge few additional information concern to the effects of human activities on fish species living in Lagoa dos Patos estuary has been published. Effectively, this study revealed the effects in D. rerio experimentally exposed to water from Lagoa dos Patos, but not as described here, in individuals chronically exposed. Thus, the current data are of substantial importance to show preterit results of the region that are essential to further studies, and increasing the knowledge in order to establish strategies or environmental rules for the estuary.
Particularly HSI reflects short-term nutritional status and metabolic energy demands (Pedlar et al., 2002) . The increase of HSI as demonstrated in individuals from polluted site can be associated with lipids accumulation due to some pollutants exposure as discussed by Koehler (2004) . The present results confirm the expected where specimens from the polluted site showed higher HSI then individuals from reference site without difference between individuals from distinct seasons. Thus, this parameter confirms and support the hypothesis that ten years ago the NPS was less affected by human activities.
The somatic as liver weight, total weight and total length are biometry data used to indicate health status in fish (Venancio & Domingos, 2014) . These values decreased in individuals collected in winter if compared with summer, meaning that winter is the period when the organisms are affected by stressors that can lead to physiological and biochemistry disturbs. The explanation could be the decrease of rain precipitation in this season altering the concentration of pollutants in water or sediment and consequently increasing its bioavailability (Forrester et al., 2003; Koehler, 2004; Ptashynski et al., 2001; Riba et al., 2005a; Zodrow et al., 2004) . Additionally, TL and TW decreased in individuals from the most polluted site, corroborating that the worst water quality is related altering these parameters. Although the somatic index as TL, TW and LW are not conclusive in terms of water quality, they are very useful to indicate alterations at high levels of biological organization as physiology. These parameters associated with other as morphological will favor the understanding about the impact of chemicals in natural ecosystems. The increase of condition factor in individuals collected in winter independently of studied site are in opposite with other biometric indexes as TL, TW and LW, but could reflect the implications in adaptation of population inhabiting polluted environments (Venancio & Domingos, 2014) . According to Barbosa et al. (2012) , the distribution of metals as lead, zinc, cupper and cadmium did not present variations along the port region, even in seasonal periods of Bold means differences between seasons and (*) Differences between sites the year. Although these data are more recent we can conclude that human activities are important source of pollutants to the studied species.
The high error observed in the current study reflect an acceptable individual variability in biomonitoring studies and have been obtained in other studies as well (Ferreira et al., 2004; Lease et al., 2003; Miranda et al., 2008; Oliveira Ribeiro et al., 2002; Rabitto et al., 2011) . Particularly, can be explained by the mobility of this species in the estuary or even by different feeding strategies (Ferreira et al., 2004) .
Corroborating the results discussed above, the lesions observed in gills of M. furnieri trough light and scanning electron microscopy are evidence that both sites are affected by chemical pollutants, but the most polluted area means to be more affected. This reinforce the needs of increase the use of different parameters in biommonitoring and lead to conclusion that the histopathological findings are highly representative and predictive as biomarker to evaluate the chemical exposure in field; giving a strong support to physiological explanations in terms of fish health.
Gills lesions reproduce both acute and chronic effects of exposure. The occurrence of hyperplasia and fusion of the secondary lamellae are physiologically at least the most severe damage to gills. According to Poleksic et al. (1994) , the intensity of gill damage depends on the pollutant concentration and exposure time or even no lesion recovery. Liber et al. (2005) described that the recovery time in gills of fish is in general about 30 days, confirming the acute exposure to toxic chemicals in the current study. Additionally the observed severity of lesions in gills revealed the chronic exposure to pollutants in both studied sites, leading to potential physiological disturbs to the species. These findings were recently described by our group to other species of Brazilian tropical species naturally exposed to pollutants (Brito et al., 2012; Oliveira Ribeiro et al., 2005; Osório et al., 2014; Rabitto et al., 2011; Silva et al., 2012) . According to the authors the histopathological findings investigated in tissues as gills are among the most efficient to evaluate the acute or chronic exposure and fish health.
According to Lease et al., (2003) the thin lamellar epithelium in gills is adapted for gas and ions exchange, and the alterations as described in the current study may affect the physiological role of gills corroborating the discussion above (Lease et al., 2003) . The hyperplasia of secondary lamellae is an increase in cell number followed by lamellae fusion due to long-term exposure to chemicals (Bernet et al., 1999 , Poleksic et al., 1994 Brito et al., 2012; Silva et al., 2012) . This kind of lesion is the most important obstruction for gas diffusion and impairment for osmorregulation (Pacheco et al., 2002) . According to Lease et al. (2003) , the lamellae hyperplasia might be critical during hypoxia or metabolic stress determining the fish health. On this way, the current results showed that fishes from Lagoa dos Patos estuary are chronically exposed to chemicals suggesting physiological disturbs in both supposed reference and polluted areas.
Although parasites are commonly found in gills of fish as reported by Akaishi et al. (2004) , the presence of parasites as observed could also represent disturbs in the immune system, responsible for an increased fish susceptibility. Rabitto et al. (2005) and Brito et al. (2012) defended the same interpretation. In fact, the parasite proliferation in gills of fish from polluted areas may be an indicative of low condition factor as observed in the current study that is more affected at summer. This result is in accordance with the decrease of melanomacrophage centers in liver of individuals from polluted site.
The damages and alterations found in liver corroborates the described above to gills. The leukocytes infiltration observed in liver means inflammatory responses in general due to lesions like necrotic cell death (Bernet et al., 1999) . This finding is consistent with the present data where both infiltration and necrosis were found mainly in individuals collected at summer independent of the studied site, showed that the remobilization of pollutants typical in these season may be a cause of these effects. Necrosis represents a permanent damage in liver and is related with organ failure after long-term of exposure, and have been described as of high ecological importance (Bussolaro et al., 2012; Miranda et al., 2008; Osório et al., 2014; Rabitto et al., 2005) . In addition, necrosis is a validated endpoint of effect due to multiple pollutants exposure of fish (Oliveira Ribeiro et al., 2002; Rabitto et al., 2011; Silva et al., 2012) .
The occurrence of megalopathy cells or neoplasia represents a progressive change characterized by the enlargement of cell or tissue volume without increase of cell number (Bernet et al., 1999) . This kind of alteration was found only in two individuals from reference site at winter. According to Stentiford et al. (2003) , neoplasic lesions are related to long-term exposure and are more common in old fish, but also adversely in younger specimens when exposed to carcinogenic pollutants. The liver neoplasia identified in the present study as basophilic and acidophilic foci potentially represent an earlier stage of malignant lesions. This is an important category of histopathological findings, where chronic exposure to complex mixtures at low concentrations are the most frequent in aquatic environment impacted by human activities.
The occurrence of MMCs was higher only in specimens sampled from polluted site independent of seasons. MMCs are focal concentrations of pigmented macrophages (MMs) typically found in fish tissues presenting granular or heterogeneous pigmented materials inside the cells (Rabitto et al., 2005) . Since MMCs are involved with several immune responses and metabolic functions, their presence may not necessarily represent pollutants exposure (Stentiford et al., 2003) but according to Rabitto et al. (2005) this finding can reflect increasing of phagocytic activity due to the occurrence of cell death. Controversially, there is some evidence that pollutants may also affect the leucocytes chemotaxy, inhibiting the role of MMCs (Fournier et al., 1998) . Comparatively in polluted site the presence of lesions in liver and a smaller concentration of MMC were observed. This low incidence of MMC's from polluted area can be related with a decreasing in the immunological response as described by Koehler (2004) , as necrosis are present in individuals from this site. Despite of that, the recent use of MMCs density as a biomarker and the difficulty to establish a method to confirm the role of pollutants on immune response in fish, this endpoint is recommended as a reliable biomarker of environmental contamination (Brito et al., 2012; Stentiford et al., 2003; Rabitto et al., 2011) . Hemorrhagic events is described as a circulatory disturbance resulted from pathological condition of circulatory system. In the current study, as observed to necrosis this parameter was more frequent in individuals collected at summer confirming this season as a critical one for fish health in Lagoa dos Patos. The explanation, as discussed above, could be related with high temperatures that increases the individual metabolism, remobilization of pollutants due to the rain frequency increases and the high level of human occupation around the lake due to the vacation activities.
Some cytoplasmic disturbs such as steatosis mean regressive changes able to cause a functional reduction or even failure of the organ function. The storage of metabolic products, or lipids and glycogen can be affected by food availability, season, sex and reproductive cycle (Stentiford et al., 2003; Koehler, 2004) . But also lipids are accumulated in liver due to harboring of lipophilic xenobiotics (Koehler, 2004) or even by disturbs in the lipid metabolism increasing the storage within cytoplasm. According to the same author, the increase of lipid droplets and cell death were the first effects in juvenile flounder exposed to toxic chemicals corroborating the steatosis as observed in the current study. This finding has been recommended as a biomarker of exposure to high lipophilic chemicals (Oliveira as chlorine compounds and PAHs largely present in high impacted regions by human activities like estuaries. The increase of smooth endoplasmic reticule (SER) also detected in the present study, is another evidence of detoxification response due to organic pollutant exposure.
The present data lead to the needs of a multibiomarker approach in order to drive a more conclusive study to the region. Lagoa dos Patos receives important levels of domestic sewage in summer as an increasing of human activities around the lagoon is observed. The confirmation that the polluted area reflect in the worst health condition of fish and that the reference site can be also impacted by chemicals, are a very important data in terms of further studies to investigate the impact of human activities to the estuary of Lagoa dos Patos. The poverty of environmental studies in this important ecosystem highlight the current study and confirm the needs to establish if the conditions as described here still persist.
The lack of data concern to chemical and biological studies of pollutants present in Lagoa dos Patos, as discussed above, demonstrates the need of to stimulate further studies in the region. The current histopathological findings showed severe damages in gills and liver from individuals from both studied sites. These results per se is a motivation to increase the studies of human impact in the estuary. Additionally, the ecological and economical significance of the region, as described above, make urgent the integration with the chemical analysis and biological parameters to determine a more realistic health conditions of Lagoa dos Patos currently.
